Wenyingzhuangia fucanilytica sp. nov., a sulfated fucan utilizing bacterium isolated from shallow coastal seawater A Gram-staining-negative, rod-shaped, strictly aerobic, non-flagellated, non-gliding and yellowpigmented bacterial strain, designated as strain CZ1127 T , capable of utilizing sulfated fucan, was isolated from shallow coastal seawater of Jiaozhou Bay, Qingdao, PR China. Its taxonomic position was investigated by a polyphasic approach. CZ1127 T grew at 15-37 C (optimum, 25 C), pH 5.5-9.0 (optimum, pH 6.5-7.5) and in the presence of 0-4 % (w/v) NaCl [optimum, 0-3 % (w/v)]. CZ1127
Sulfated fucan, also called fucoidan, is a kind of polysaccharide mainly consisting of fucose and sulfate groups, and is prevalently found in brown algae and echinoderm. It is recognized as a potential bioactive component in pharmaceutical and food industries (Vo & Kim, 2013; Wijesinghe & Jeon, 2012) . It can be utilized as a functional ingredient to modify the properties of food products, e.g. as a coating agent of nano-emulsions Chang & McClements, 2015) . A bacterial strain designated as CZ1127 T , which has been previously identified as being affiliated to the family Flavobacteriaceae, can utilize sulfated fucan extracted from several sources including sea cucumbers and seaweed (Chang et al., 2010) . Moreover, its intracellular enzyme can be employed to produce sulfated fucan oligosaccharides, and contribute to the structural investigation of sulfated fucan Yu et al., 2013 Yu et al., , 2014 Yu et al., , 2015 . In the present study, the polyphasic characterization of strain CZ1127
T as representing a novel species of the genus Wenyingzhuangia is reported. The genus Wenyingzhuangia, a member of the family Flavobacteriaceae of the phylum Bacteroidetes, was first proposed by Liu, et al. (2014) . At the time of writing, three species in the genus Wenyingzhuangia have been reported, Wenyingzhuangia marina CGMCC 1.12162 T , Wenyingzhuangia gracilariae KCTC 42246 T , and Wenyingzhuangia heitensis KCTC 42245 T .
CZ1127
T was isolated from a shallow coastal seawater sample collected at Jiaozhou Bay, Qingdao, PR China in June 2007. It grew well on both marine 2216 agar (BD Difco) and R2A salt [R2A (BD Difco) containing 3 % (w/v) NaCl] agar (R2ASA). CZ1127
T was stored at À80 C in R2ASA broth containing 15 % (w/v) glycerol, and routinely cultivated in R2ASA broth or on R2ASA agar at 25 C for 2 days unless otherwise stated. W. marina CGMCC 1.12162 T and W. gracilariae KCTC 42246 T were obtained from the CGMCC (Beijing, China) and KCTC (Daejeon, Korea) respectively, and were studied in parallel as reference strains using the same cultivation conditions as for CZ1127 T .
W. heitensis KCTC 42245
T was also purchased (from KCTC), however it was found that W. heitensis KCTC 42245 T is difficult to culture, i.e. it grows very weakly in marine 2216 medium or R2ASA medium, therefore it was not used in the phenotypic and chemotaxonomic studies.
The 16S rRNA gene was amplified using universal primers and sequenced as previously described (Chang et al., 2010) . Identification of phylogenetic neighbors and determination of pairwise 16S rRNA gene sequence similarity were implemented by using BLAST-N searches (http://blast.ncbi.nlm.nih. gov/) (Altschul et al., 1990) and the Eztaxon-e server (http:// eztaxon-e.ezbiocloud.net/) (Chun et al., 2007) . Sequence alignment was achieved using CLUSTAL_X (Thompson et al., 1997) , and phylogenetic trees were generated using neighborjoining, maximum-likelihood and maximum-parsimony algorithms with the MEGA program (version 5.0) (Tamura et al., 2011) . The robustness of the topology in the neighborjoining phylogenetic tree was investigated by bootstrap analyses based on 1000 replicates. The 16S rRNA gene sequence of strain CZ1127
T (1485 nt) shared the highest similarity to W. marina CGMCC 1.12162 T (97.4 %), followed by W. heitensis KCTC 42245
T (96.6 %) and W. gracilariae KCTC 42246 T (96.1 %). All other cultivated species with published names were more distantly related, showing similarities of less than 94 %. Furthermore, with the neighbor-joining phylogenetic algorithm, strain CZ1127
T fell within the clade of the genus Wenyingzhuangia with a bootstrap value of 99 % (Fig. 1) . The relationship was also maintained in the trees reconstructed using the maximum-likelihood and maximumparsimony algorithms. It is suggested that strain CZ1127 T represents a species of the genus Wenyingzhuangia. Nevertheless, CZ1127
T could be further classified as an independent cluster with a bootstrap value of 100 %, which differentiated it from all species of the genus Wenyingzhuangia with validly published names.
The phenotypic analysis was performed on CZ1127
T and the reference strains on R2ASA agar or broth, incubated at 25 C for 2 days unless otherwise indicated. Cell morphology was observed by phase-contrast microscopy (BX43, Olympus) and by transmission electron microscopy (1200EX, JEM) after staining with 1 % (w/v) phosphotungstic acid. The motility was determined by observing cells grown in motility test agar (BD), and the gliding motility was investigated by examining cells cultured for 24 h on microscope slides coated with R2ASA, as described by Bowman (2000) . Gram staining was performed by using a Gram-staining kit (BioM erieux). Cellular pigments were extracted using acetone/methanol (1 : 1, v/v) in the dark and the absorption spectra were subsequently determined using a scanning UV/visible spectrophotometer (UV2550, Shimadzu). The presence of flexirubin-type pigments were assessed by the bathochromic shift test with 20 % KOH solution (Bernardet et al., 2002) . The temperature range for growth was investigated at 4 C, 10-35 C (at 5 C intervals), 37 C and 45 C. The effect of pH on growth was evaluated using sodium acetate buffer for pH 5.0 and 5.5, sodium phosphate buffer for pH 6.0-8.0 (at 0.5 pH units intervals) and Tris-HCl buffer for pH 8.0-10.0 (at 0.5 pH units intervals) ; pH values of media were verified after autoclaving. The requirement for NaCl was tested using R2A broth with 0-10 % concentration of NaCl (1 % intervals). Anaerobic growth was checked using the GasPak anaerobic system (BD BBL). Catalase and oxidase activities were assayed as described by Descamps et al. (2006) . H 2 S production was investigated on triple-sugar iron agar (BD) amended with 2 % (w/v) NaCl (Choi et al., 2013) . Hydrolysis of casein (50 % skimmed milk, v/v), L-tyrosine (0.5 %, w/v) and Tweens 20, 40, 60 and 80 (1 %, v/v) was .
All strains are Gram-staining-negative, non-flagellated, non-gliding, non-motile, strictly aerobic and rod-shaped. All strains contain carotenoid pigments and no flexirubin-type pigments. All strains are positive for hydrolysis of aesculin, utilization of D-galactose and lactose and activity of catalase, oxidase, alkaline phosphatase, leucine arylamidase and acid phosphatase. All strains are negative for H 2 S production, hydrolysis of casein, Utilization of sulfated fucan .
tested according to the methods of Gerhardt et al. (1994) with R2A medium supplemented with 3 % (w/v) NaCl. The ability of strains to utilize sulfated fucan was investigated on a medium [sulfated fucan 0.2 % (w/v), NaNO 3 0.2 % (w/v), MgSO 4 0.5 % (w/v), CaCl 2 0.1 % (w/v), Fe 2 (SO 4 ) 3 0.001 % (w/v), pH 7.0], which employed sulfated fucan extracted from sea cucumber Acaudina molpadioides as the sole carbon source (Chang et al., 2010) ; the utilization was confirmed by the decrease in sugar in the medium by using the H 2 SO 4 -phenol assay (Dubois et al., 1956) . Additional carbon source assimilation tests were performed by using API 50 CH strips (BioM erieux) with the API AUX medium supplemented with 3 % (w/v) NaCl . Enzyme activities and other biochemical characteristics were detected with API ZYM and API 20NE strips (BioM erieux), using bacterial suspensions in 2 % (w/v) sea salts as inocula (Park et al., 2013) .
The morphological, physiological and biochemical characteristics of strain CZ1127 T are given in Table 1 and the species description. Several distinctions could be found between strain CZ1127
T and the other species of the genus Wenyingzhuangia with validly published names (Table 1) . In particular, CZ1127
T could utilize sulfated fucan and fucose, and manifested a-fucosidase activity, which may play an important part in the degradation of sulfated fucan (Berteau & Mulloy, 2003) . Moreover, CZ1127
T could grow in R2A broth without NaCl, whereas the growth of other members of the genus Wenyingzhuangia needs NaCl in growth media. However, it should be mentioned that NaCl is indispensable for the growth of CZ1127 T in the medium using sulfated fucan as the sole carbon source (Chang et al., 2010) .
The genomic DNA of strain CZ1127
T was extracted by using Gentra Puregene Yeast/Bact. Kit (Qiagen), and the DNA G+C content was determined by HPLC using 20 mM triethylamine phosphate (pH 5.1) as solvent at a flow rate of 1.0 ml min À1 (Mesbah et al., 1989) . The DNA G+C content of CZ1127 T was 32.2 mol%. This value is similar to the 35.9 % of W. marina CGMCC 1.12162 T and 31.8 % of both W. heitensis KCTC 42245 T and W. gracilariae KCTC 42246 T .
Since CZ1127
T was most closely related to W. marina CGMCC 1.12162 T , DNA-DNA hybridization was performed between these two strains. The determination was performed in triplicate on a spectrophotometer (Lambda35, PerkinElmer) equipped with a temperature program controller, by using the optical renaturation method (De Ley et al., 1970; Huss et al., 1983) , and the temperature for renaturation was set to 64 C which was calculated from the DNA G+C contents of the two strains. The DNA-DNA relatedness was determined to be 41.9±1.5 %. This value is considerably lower than the recommended standard of 70 % for the species level (Wayne et al., 1987) , which indicated that strain CZ1127
T represents a novel genomic species.
For fatty acid analysis, strains were cultivated in marine broth 2216 at 25 C, and harvested at late-exponential phase. Fatty acids were extracted and methylated using the standard protocol of the Sherlock Microbial Identification System (version 6.0), analyzed with a GC 6890 (Agilent), and identified using the TSBA 6.0 database (Sasser, 1990) . The major fatty acids in CZ1127 T (>10.0 %) included iso-C 15 : 0 (17.6 %), iso-C 17 : 0 3-OH (17.4 %), C 16 : 1 !6c/ C 16 : 1 !7c (summed feature 3) (13.1 %), and iso-C 15 : 0 3-OH (12.2 %). The fatty acid profile of CZ1127
T was similar to those of W. marina CGMCC 1.12162 T and W. gracilariae KCTC 42246 T (Table 2) .
Isoprenoid quinones were analyzed according to the method of Komagata & Suzuki (1987) . Menaquinone-6 was the sole menaquinone of CZ1127 T , which is consistent with the genus description.
Polar lipids were extracted according to the method of Minnikin et al. (1984) , separated by two-dimensional TLC and identified as described by Liu et al. (2014) ; total polar lipids, phospholipids, aminolipids and glycolipids were respectively visualized with molybdatophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Komagata & Suzuki, 1987; Minnikin et al., 1984) . The polar lipids of strain CZ1127
T were phosphatidylethanolamine (PE), three unidentified aminolipids and ten unidentified lipids (Fig. S1 , available in the online Supplementary Material). The presence of PE as the sole phospholipid is consistent with the results reported for all members of the genus Wenyingzhuangia. In general, chemotaxonomic and phylogenetic characteristics of CZ1127 T were essentially consistent with those of species of the genus Wenyingzhuangia, which supported the hypothesis that strain CZ1127
T represents a member of the genus Wenyingzhuangia. Meanwhile the low value of DNA-DNA relatedness and the distinct phenotypic characteristics confirmed that this strain is diff3erent from other species of the genus. Therefore, strain CZ1127
T represents a novel species, for which the name Wenyingzhuangia fucanilytica sp. nov. is proposed.
Description of Wenyingzhuangia fucanilytica sp. nov.
Wenyingzhuangia fucanilytica (fu.ca.ni.ly¢ti.ca. N.L. neut n. fucanum fucan; N.L. adj. lyticus -a -um (from Gr. adj. lutikos -ê -on) able to loose, able to dissolve; N.L. fem. adj. fucanilytica fucan-dissolving).
Cells are Gram-staining-negative, strictly aerobic, non-flagellated, non-gliding, non-motile, rods, 0.4-0.5 µm in diameter and 0.8-2.0 µm in length (Fig. S2 ). Cells grow well on both marine 2216 agar and R2ASA agar. Colonies on R2ASA agar are circular with entire margins, yellow, shiny, smooth, convex and 1.0-3.0 mm in diameter after incubation at 25 C for 3 days. Cells contain carotenoid pigments and no flexirubintype pigments. Growth occurs at 15-37 C (optimum, 25 C), pH 5.5-9.0 (optimum, pH 6.5-7.5) and 0-4 % (w/v) NaCl [optimum, 0-3 % (w/v)]. Catalase-and oxidase-positive. Positive for utilizing sulfated fucan and negative for H 2 S production, hydrolysis of L-tyrosine, casein and Tweens 20, 40, 60 and 80. In API 20NE, positive for hydrolysis of aesculin and negative for nitrate reduction, indole production, glucose fermentation, urease activity, hydrolysis of arginine, hydrolysis of gelatin and utilization of capric acid, adipic acid, malic acid, citric acid and phenylacetic acid. In API 50CH tests, D-xylose, D-galactose, D-glucose, D-fructose, D-mannitol, D-mannose, L-rhamnose, amygdalin, aesculin, cellobiose, lactose, sucrose, inulin, raffinose, D-lyxose, L-fucose and starch could be used as carbon sources, but glycerol, erythritol, D-arabinose, L-arabinose, D-ribose, L-xylose, D-adonitol, L-sorbose, methyl a-D-mannoside, methyl b-D-xylopyranoside, methyl a-D-glucoside, galactitol, D-sorbitol, N-acetylglucosamine, arbutin, salicin, maltose, melibiose, trehalose, melezitose, glycogen, xylitol, gentiobiose, turanose, D-tagatose, D-fucose, DL-arabitol, gluconate, inositol, 2-ketogluconate and 5-ketogluconate could not be utilized. According to API ZYM tests, alkaline phosphatase, leucine arylamidase, acid phosphatase, a-glucosidase, b-galactosidase, a-fucosidase, and naphthol-AS-BI-phosphohydrolase activities are present but esterase (C4), esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, b-mannosidase and N-acetyl-b-glucosaminidase activities are absent. The major cellular fatty acids (>10 % of total fatty acids) are iso-C 15 : 0 , iso-C 17 : 0 3-OH, C 16 : 1 !6c/C 16 : 1 !7c and iso-C 15 : 0 3-OH. MK-6 is the sole menaquinone. The polar lipids are phosphatidylethanolamine, as the sole phospholipid, three unidentified aminolipids and ten unknown lipids. 
